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Objective: To compare the ATB 32 C system for routine identification of clinical yeast isolates in a clinical microbiology 
laboratory with identification carried out by conventional methods in a mycology reference laboratory. 
Methods: A total of 113 strains initially isolated at our hospital and identified in the reference laboratory were returned 
in duplicate, under separate code numbers, to the microbiology laboratory where the ATB 32 C system was used for 
identification by: 1) visual assessment of turbidity at 72 h with use of identification table; 2) visual assessment at 72 h 
with use of ATB 32 C analytical profile index; and 3) automatic readings with the ATB reader at 48 h and 72 h with results 
of growth assessments transmitted to a computer and interpreted by the ATB 32 C software. 
Results: Visual assessment plus identification table and visual assessment plus profile index provided correct 
identification in 98% and 91% of strains, respectively. Visual assessment was, however, sometimes difficult and required 
more experience than is usually available in a routine clinical microbiology laboratory. Automatic readings with 
computer identification plus supplementary tests correctly identified 87% and 86% after 48 h and 72 h, respectively. 
Conclusions: The ATB 32 C system with automatic readings and computer identification is a satisfactory system for 
identification of clinical yeast isolates in a routine clinical microbiology laboratory. 
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The incidence of invasive yeast infections is increasing 
as a consequence of the increasing number of immuno- 
compromised patients [l-31. Rapid and correct 
identification of yeasts is important because some yeast 
species, such as Candida krusei and Candida lusitaniae 
[4,5], are inherently resistant to certain antimycotic 
agents and antifungal susceptibility testing is not an 
infallible guide to therapy [6]. Standard methods 
for the complete identification of yeasts are often 
cumbersome and time-consuming, and are therefore 
seldom used in routine clinical microbiology labora- 
tories. Consequently, commercially available systems 
for rapid and correct identification of yeasts are of great 
interest. 
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The aim of the present study was to compare the 
ATB 32 C system (API System, La Balme les Grottes, 
France) for the routine identification of yeasts in a 
clinical microbiology laboratory with identification 
performed by conventional methods in a mycology 
reference laboratory. 
MATERIALS AND METHODS 
Organisms 
A total of 113 yeast isolates were examined in this study. 
The strains were recent clinical isolates derived mainly 
from cases of candidemia at the Rigshospitalet from 
1989 to 1993, and had been identified and stored 
in the mycology reference laboratory at the Statens 
Seruminstitut. All strains were sent in duplicate &om 
the reference laboratory under separate code numbers 
to prevent bias in the interpretation of the results. In 
total, 226 separate testings were performed and, in this 
report, each testing is considered to be one strain. 
All strains were potentially identifiable in the 
manufacturer's database and identification table. Six 
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type and other reference strains were used as quality 
controls of identification (data not included here): 
Candida tropicalis CBS 94=, Candidaglabrata CBS 138T, 
Candida humicola CBS 2041T, and C. krusei CBS 573= 
from the Central Bureau voor Schimmelcultures, The 
Netherlands; C. glabrata NCYC 350 from the National 
Collection of Yeast Cultures, United Kingdom; and 
Candida guilliermondii ATCC 6260 from the American 
Type Culture Collection. The four lattermost strains 
are the quality control strains recommended by the 
manufacturer of the ATB 32 C identification system for 
yeasts. 
Identification of strains 
Strains were initially identified in the reference 
laboratory at Statens Seruminstitut according to 
standard methods [6]. Assimilation tests were carried 
out in liquid yeast nitrogen base (Difco) with 0.5% 
concentrations of various carbon sources. Fermentation 
tests were performed in neopeptone substrate (Difco) 
with various carbon sources; results were read afier 7 
and 14 days of incubation at 25°C. Morphology and 
chlamydoconidia development were read on days 1 
and 2 from Dalmau plates [rice agar with polysorbate 
(Tween) 80 or cornmeal agar]. Isolates were identified 
using the computer program developed by Barnett and 
colleagues [7]. 
The ATB 32 C system consists of a disposable 
plastic strip with 32 cups containing 31 carbon sources 
for assimilation and a negative control. Tests were 
performed according to the manufacturer's instruc- 
tions at the clinical microbiology laboratory at the 
Rigshospitalet. Strips were stored at 4°C until used and 
incubated at 30°C. 
Identification of strains was carried out in three 
different ways: 1) visual assessment of turbidity at 72 h 
with the use of an identification table provided by the 
manufacturer (visual assessment at 48 h was omitted 
early in the study when its lack of value became 
apparent); 2) visual assessment at 72 h with the use 
of the ATB 32 C analytical profile index ('codebook') 
wherein the numerical profile of the test strain is 
compared with the profiles in the database; and 3) auto- 
matic readings with the ATB reader at 48 h and 72 h 
with the results of growth assessment computerized and 
interpreted by the ATB 32 C software. Identification 
using the identification table was performed without 
previous knowledge of the results from the numerical 
profile or automatic readings. 
Interpretation of results 
The identifications obtained by the automatic readings 
and computer software were judged a priori to be valid 
if the quality of identification to the species level was 
Table 1 Identification of yeast strains according to the different systems under study 
VA + Table VA + Profile index AC 48 h AC 72 h 
Strains 
(n) Cor No Mis Cor No Mis' Cor No Mis Cor No Mis 
Candida albicnm 46 42 3 1' 38 8 0 44(8) 2 0 43(6) 3 0 
Candida tropicalis 42 42 0 0 39 3 0 29(18) 10 3b 28(5) 10 4' 
Candida glabrata 38 38 0 0 38 0 0 38(0) 0 0 38(0) 0 0 
Candida parapsilosis 32 32 0 0 30 2 0 28(1) 3 Id 30(1) 2 0 
Candida kmsei 16 16 0 0 16 0 0 15(0) 1 0 15(1) 1 0 
Cryptocorncc neoJormans 10 10 0 0 10 0 0 lO(10) 0 0 lO(10) 0 0 
Candida norvqensis 10 10 0 0 9 1 0 lO(10) 0 0 lO(10) 0 0 
Saccharomyces cerevisiae 10 9 0 1' 5 5 0 3(0) 7 0 3(0) 7 0 
Candida lusitaniae 6 6 0 0 5 1 0 5(3) 1 0 6(2) 0 0 
Candida kefyr 6 6 0 0 6 0 0 5(0) 1 0 4(0) 2 0 
Candida lambica 2 2 0 0 2 0 0 2(0) 0 0 2(0) 0 0 
Candida lipolytica 2 2 0 0 2 0 0 2(0) 0 0 2(0) 0 0 
zthodotura SP 2 2 0 0 2 0 0 2(-) 0 0 2(-) 0 0 
Trchosporon cutaneum 2 2 0 0 1 1 0 1 0 0 2 0 
Cryptococcus albidus 2 2 0 0 2 0 0 2(0) 0 0 2(0) 0 0 
Total 226 221 3 2 205 21 0 196(50) 26 4 195(35) 27 4 
VA = visual assessment; AC = automatic reading + computer; Cor = correct identification; No = non-identification; M i s  = incorrect 
identification. 
( ) = Number of identified strains considered valid with use of supplementary tests. 
Identified as: a = Candida sake; b = C. parapsilosis, C. lusifaniae, Candida pukhem'ma; c = C. lusilaniae twice, C. pulcherrima, Deba~omyces p; 
d = Pichia etchellsii/carsonii; e= Saccharomyces kluyuerii. 
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deemed either excellent, very good, good or accept- 
able. For all other qualifications (identification to the 
genus level, low degree of discrimination, doubtfd 
profile or presumptive identification), an identification 
was judged to be valid only if it was obtained by 
computer-recommended supplementary tests, which 
included esculin hydrolysis, growth at 37'C or infor- 
mation on the source of the specimen. These latter 
categories of identification (Table 1) were not con- 
sidered to be of the same quality of identification as 
the first-mentioned categories. Microscopic or colony 
morphology was not taken into consideration as our 
laboratory personnel were not able to assess ths  with 
accuracy. All identifications with an unacceptable 
profile were rejected. 
Only strains for which identifications were judged 
to be valid were considered identified. In all other 
cases, the strains were recorded as having no identifi- 
cation. Identifications obtained by identification table, 
profile index and automatically using the ATB 32 C 
software (see above) were compared with the reference 
identification. When the reference and test identifi- 
cations were concordant, a correct identification was 
scored. Correct identifications obtained by supple- 
mentary tests were recorded separately. When the two 
identifications were discordant, a misidentification was 
recorded. 
Reproducibility of results 
All isolates, under code numbers, were tested in 
duplicate. The results of the repeat tests were evaluated 
using the first test results as those to reproduce. 
Identification 
The identification results are shown in Table 1. After 
72 h, visual assessment plus identification table and 
visual assessment plus ATB 32 C profile index provided 
correct identification in 98% and 91% of the 226 
strains, respectively. Automatic readings with computer 
identification plus the use of supplementary tests 
correctly identified 87% and 86% after 48 h and 72 h, 
respectively. 
The proportion of non-identifications recorded 
with visual assessment plus identification table was 1% 
compared with 9% with visual assessment plus profile 
index and 12% with automatic readings at both 48 h 
and 72 h. Incorrect identifications were seen for two 
strains (1%) after visual assessment plus identification 
table, for no strains after visual assessment plus profile 
index, and for four strains (2%) after automatic readings 
at both 48 h and 72 h. 
Non-identification using the numerical profiles 
was usually not due to erroneous biochemical readings, 
but mainly to the fact that the profiles found were not 
included in the profile index. On  the other hand, non- 
identifications and misidentifications with automatic 
readings were due to erroneous biochemical reactions. 
As seen in Table 1, the species giving the greatest 
problems with automatic readings were C. tropicalis 
and Saccharomyces cerevisiae. For C. tropicalis, non- 
identifications and misidentifications occurred most 
ofien on the basis of false-positive reactions in the 
assimilation of one or more of the following 
Table 2 Findings on re-identification of 113 yeast isolates using the ATB 32 C system 
First test results Repeat test results Total 




















4 7 205 21 0 
91 2 1 
11 6 196 26 4 
1 1 
91 5 
7 7 195 27 4 
1 1 1 
~~ 
VA = viswl assessment; AC = automatic reading + computer; Cor = correct Identification; No = non-Identification; Mis = incorrect 
identification. 
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carbohydrates: ribose, gluconate, glycerol and sorbose. 
For S. cerevisiae, false-positive reactions for xylose, 
mannitol and melizitose were problematical. 
Reproducibility 
The reproducibility of a definitive identification was 
assayed for all strains (Table 2) and found to be high. 
With visual assessment after 72 h plus identification 
table, 109 of 112 (97%) strains were correctly re- 
identified compared with 99 of 102 (97%) strains with 
visual assessment after 72 h plus profile index. Auto- 
matic readings with computer-generated identification 
correctly re-identified 91 of 94 (96%) and 91 of 96 
(95%) strains after 48 h and 72 h, respectively. 
Of 43 strains that could not be identified to species 
level using any of the four methods (Table 2), 22 (51%) 
strains were correctly identified on retesting and only 
one strain was incorrectly identified as belonging to 
another species (2%; 95% confidence levels 0 to 12%). 
All methods performed equally well on retesting of the 
unidentified strains. 
DISCUSSION 
The 87% rate of correct identification obtained in this 
study with automatic readings plus computer software- 
generated identification was slightly lower than the 97% 
and 94% rates reported by Gutierrez and colleagues [8] 
and Doucet and coworkers [9], respectively. However, 
these workers reported misidentification rates (3% and 
2.6%, respectively) that were similar to our rate of 2%, 
although their rates of non-identification (3.4% and 
0%, respectively) were much lower than the 12% in our 
study. The reasons for this are not clear. It may be that 
the criteria for judging the validity of an identification 
differed among the three studies. However, as the 
criteria used by these investigators were not reported, 
this cannot be ascertained. 
The high (98%) rate of correct identification 
obtained in our study using visual assessment plus 
identification table is probably more favorable than 
expected. This may have been due to the fact that the 
investigator (an experienced bacteriologist) developed 
a familiarity and expertise in the visual assessment of 
specific carbohydrates during the study period and, 
hence, was better able to identify whether the slight 
haze for a given carbohydrate was to be considered 
positive or negative. Furthermore, the knowledge that 
all strains examined were included in the identification 
table probably biased the results as the investigator was 
then forced to make a decision on identification. On  
the other hand, the 91% rate of correct identification 
obtained by visual assessment plus profile index might 
have been improved had we consulted the profile index 
identification services when the profiles obtained were 
not found in the index. 
The reproducibility of identification of an 
identifiable strain was high (95 to 97%) and the strains 
initially classified as unidentifiable were, in about half 
the cases, correctly identified on repeat testing. Only 
2% of isolates were misidentified. In a test of API 20 C 
auxanogram, Bergan and coworkers [lo] found a 
simdar reproducibility of 93% after 48 h and 94% after 
72 h of incubation. 
Our study was carried out to determine whether a 
clinical microbiology laboratory dealing mainly with 
routine bacteriology can beneficially apply the ATB 32 
C system for identification of yeasts. Thus, greater 
emphasis should be placed on the results of the 
automatic readings as laboratory experience with visual 
assessment is usually insufficient due to the small 
number of isolates requiring identification. In addition, 
visual readings of some carbohydrates are problematical. 
Thus, the question arises as to whether an 87% 
rate of correct identification and a 2% rate of mis- 
identification are satisfactory for our purposes. The 
answer is yes. The main reason is the marked reduction 
in time to arrive at an identification compared with 
the use of conventional methods by the reference 
laboratory. We were satisfied that regarding the Candidu 
species known to be problematical with antimycotic 
treatment - C. ktusei, C .  glabruta and C. lusitaniae - all 
except one of the 60 isolates were correctly identified 
within 72 h. We will, however, continue to send all 
candidemia strains to the reference laboratory to 
maintain a continuing surveillance of the accuracy of 
our yeast identification. 
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